Experimental & Molecular Medicine (2013) 45, e3; doi:10.1038/emm.2013.1 
© 2013 KSBMB. All rights reserved 2092-6413/13 



www.nature.com/emm 



ORIGINAL ARTICLE 



ANT2 suppression by shRNA restores miR-636 
expression, thereby downregulating Ras and inhibiting 
tumorigenesis of hepatocellular carcinoma 

Ji-Young Jang 1 , Young-Sin Lee 1 , Yoon-Kyung Jeon 1,2 , Kyoungbun Lee 2 , Ja-June Jang 2 and Chul-Woo Kim 1,2 

MicroRNAs (miRNAs) participate in diverse biological functions and carcinogenesis by inhibiting specific gene expression. 
We previously reported that suppression of adenine nucleotide translocase 2 (ANT2) by using the short hairpin RNA (shRNA) 
approach has an antitumor effect in several cancer cells. We here examined the influence of ANT2 on expression of miRNAs 
in hepatocellular carcinoma (HCC) to further elucidate the tumor-suppressive mechanism of ANT2 shRNA. We first carried 
out screening for miRNAs, whose expression is regulated by ANT2 suppression in the Hep3B HCC cell line using miRNA 
microarrays. Validation of candidate miRNAs was done by incorporating clinical samples, and their effects on the tumorigenesis 
of HCC were studied in vitro and in vivo. miR-636 was one of the miRNAs whose expression was highly upregulated by 
ANT2 suppression in miRNA microarray analysis, as confirmed by real-time reverse transcription-polymerase chain reaction. 
Notably, miR-636 was markedly downregulated in HCC tissues compared with matched non-neoplastic liver in clinical samples. 
Restoration of miR-636 in Hep3B cells led to significant reduction of cell proliferation and colony formation. miR-636 
restoration resulted in a decreased level of Ras, one of the putative targets of miR-636, and inactivation of its signaling 
pathway. Moreover, tumorigenesis was efficiently suppressed by miR-636 in an in vivo tumor xenograft model of HCC. The data 
suggest that miR-636 might function as a tumor suppressor miRNA affecting HCC tumorigenesis via downregulation of Ras, 
and that ANT2 suppression by shRNA could exert an anticancer effect by restoring miR-636 expression in HCC. 
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INTRODUCTION 

Cancer is affected by many molecular pathways involving both 
canonical protein-coding genes and recently discovered non- 
coding genes. MicroRNAs (miRNAs), a class of small RNAs 
17-27 nucleotides in length, are representative molecules 
transcribed from noncoding genes, and control gene expres- 
sion at the level of mRNA translation. 1 An aberrant miRNA 
expression signature is a hallmark of several diseases, including 
cancer, 2 and miRNAs can function as oncogenes or tumor 
suppressors. 3 Moreover, these tumor- associated miRNAs can 
serve as biomarkers for tumor diagnosis and prognosis or as 
therapeutic targets. 4 Several recent studies have reported that 
miRNA expression is deregulated in human hepatocellular 
carcinoma (HCC) in comparison with matched non- 
neoplastic tissue. 5 ' 6 The downregulated miRNAs in HCC 
include several members of the large let- 7 family and the 
miR-143/145. 7 Although for members of the let-7 family the 



results have been contentious, these miRNAs were found to be 
consistently downregulated in several human cancers. 8 Among 
the downregulated miRNAs in HCC is the hepato-specific 
miR-122; downregulation of miR-122 may have a more direct 
role in tumorigenesis through the activation of cyclin Gl. 9 

The Ras signaling pathway controls cell proliferation, diff- 
erentiation and survival in all multicellular organisms. 10-13 
Consequently, proper regulation of Ras signaling is critically 
important for normal development, and dysregu- 
lation of the Ras pathway leads to pathologic diseases. 14-16 
Indeed, constitutively active Ras promotes cell proliferation, 
neoplastic transformation and tumorigenesis. 14,17,18 Oncogenic 
Ras proteins are commonly detected in human cancers, 
including ~90% of pancreatic cancers, ~70% of malignant 
neoplasias and ~30% of all human cancers. 19 Despite the 
central importance of Ras signaling in human cancer, direct 
inhibition of hyperactivated Ras has not achieved sufficient 
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clinical efficacy. 15,18,20 We reasoned that downregulation of Ras 
by the specific miRNA might provide a more effective strategy 
for inhibiting oncogenic Ras signaling and Ras- mediated 
tumorigenesis in human cancer. 

Adenine nucleotide translocase (ANT) is a nuclear- encoded 
protein abundantly located in the inner mitochondrial mem- 
brane, and the role of this protein is to catalyze the exchange of 
mitochondrial adenosine triphosphate with cytosolic adeno- 
sine diphosphate. ANT therefore plays an important role in 
cellular energy metabolism by influencing mitochondrial 
oxidative phosphorylation. In addition, ANT is the major 
component of the mitochondrial permeability-transition pore 
complex that interacts with Bcl2 family proteins, thereby 
contributing to mitochondria-mediated apoptosis. 21,22 ANT- 
deficient mice are able to form mitochondrial permeability- 
transition pore complex, which has prompted discussion 
regarding the roles of ANT in mitochondrial permeability- 
transition pore complex. 23 Human ANT has four isoforms 
(ANT1, ANT2, ANT3 and ANT4) and the relative expressions 
of these isoforms are dependent on developmental stages, 
proliferation status, as well as tissue types or cell types. 14,15 
ANT2 is specifically expressed in undifferentiated cells or 
tissues that are able to proliferate and regenerate; for 
example, lymphocytes, kidney and liver. The expression 
of ANT2 was recently found to be upregulated in several 
hormone-dependent cancers, and the induction of ANT2 
expression in cancer cells was shown to be directly associated 
with glycolytic metabolisms, raising a question regarding the 
role of ANT2 during carcinogenesis. 24-27 Therefore, ANT2 
repression effectively leads to cell growth arrest and increases 
mitochondrial membrane potential from human cells as well 
as chemosensitized cancer cells, implying that ANT2 acts as an 
antiapoptotic oncoprotein. 17,28,29 Thus, ANT2 could be a 
promising candidate for cancer therapy based on specific 
miRNA regulation. 

We hypothesized that upregulation of a specifc miRNA by 
ANT2 short hairpin RNA (shRNA) may suppress HCC 
tumorigenesis. Presently, miR-636 miRNA expression was 
highly upregulated by ANT2 suppression. miR-636 restoration 
resulted in a decrease in level of Ras, one of the putative targets 
of miR-636, and inactivation of its signaling pathway. The data 
suggest that miR-636 might function as a tumor suppressor 
miRNA affecting HCC tumorigenesis via downregulation of 
Ras, and that ANT2 suppression by shRNA could exert an 
anticancer effect by restoring miR-636 expression in HCC. 

Therefore, the purpose of our study was to determine 
whether or not ANT2 shRNA- mediated miR-636 restoration 
suppressed HCC cell proliferation, and to investigate the 
potential of miR-636 for future use as a therapeutic agent 
targeting HCC cells. 

MATERIALS AND METHODS 

Cell lines and culture 

The human hepatoma cell line, Hep3B, HepG2 and SNU449 were 
purchased from the American Type Culture Collection (ATCC, 
Manassas, VA, USA) or Korean Cell Line Bank (KCLB, Seoul, Korea) 



and cultured in Dulbecco's Modified Eagle Medium supplemented 
with 10% fetal bovine serum, lOOUml -1 penicillin, and 100 ugml -1 
streptomycin (Gibco, Grand Island, NY, USA) in a humidified 5% 
C0 2 /95% air atmosphere at 37 °C 

Antibodies and reagents 

Anti-phospho-Akt and anti-Akt antibodies were purchased from 
Cell Signaling Technology (Beverly, MA, USA). 

Construction of ANT2 shRNA expression vector 

The ANT2 shRNA expression vector used to achieve specific down- 
regulation of ANT2 was described previously. 30 ANT2 small- 
interfering RNA ( 5' - GCAGAUCACUGCAGAUAAGTT- 3' ) that was 
designed to be complementary to exon 2 of ANT2 (GenBank 
accession number NM001152) was synthesized, and DNA vectors 
expressing the shRNA forms of the small-interfering RNAs were 
generated using pSilencer 3.1 -HI puro plasmids with a TTCAAGAGA 
linker sequence that forms looped structures (Ambion, Austin, TX, 
USA) . The vector expressing ANT2 shRNA was used throughout this 
study. A scramble shRNA (Ambion) with no significant homology to 
human gene sequences was used as a control to detect nonspecific 
effects. 

Transfection 

For transfection, cells were plated on either six- well plates (2 x 10 5 cells 
per well) or 100-mm dishes (2 x 10 6 cells), and allowed to adhere for 
24 h. Lipofectamine 2000 (Invitrogen, Carlsbad, CA, USA) was used 
for the transfection. Cells were transfected with either pSilencer 3.1 -HI 
puro ANT2 shRNA (Ambion) or pSilencer 3.1 -HI puro scramble 
shRNA vectors (Ambion). Transfected cells were cultured for 6h, 
whereupon the medium was replaced with fresh medium supplemen- 
ted with 10% FBS. The cells were harvested 24^18 h after transfection. 
Negative mimics, miR-636 mimics, negative inhibitor or miR-636 
inhibitor was transfected into the cells using the same method. 

miRNAs microarray statistical analysis 

Agilent miRNA assays (Agilent Technologies Inc, Santa Clara, CA, 
USA) integrate eight individual microarrays on a single glass slide. 
Each microarray includes approximately 15 000 features containing 
probes sourced from the miRBASE public database. The probes are 
60-mer oligonucleotides that are directly synthesized on the array. In 
this study we used the human microRNA microarray v2.0, which 
contains 723 human and 76 human viral miRNAs, each replicated 16 
times. Three hundred sixty-two miRNAs are interrogated by two 
different oligonucleotides, 45 miRNAs by three and 390 miRNAs by 
four. Only two miRNAs are interrogated by a single oligonucleotide. 
The array also contains a set of positive and negative controls that are 
replicated a variety of times. Some of the positive control probes 
target non-miRNA human RNAs. Each of these targets was inter- 
rogated with four different probes, with five replications. The signals 
from these positive controls can be bright or dim depending on the 
sample and, according to Agilent, they do not behave consistently 
enough to be used for normalization. 

Quantitative real-time RT-PCR (RT-qPCR) 

For RT-qPCR, total RNAs from the same samples used in the miRNA 
microarrays were tested by using an iCyler IQ real-time PCR system 
(Bio-Rad, Hercules, CA, USA). Results are shown as fold-change. 
RT-qPCR was carried out with Mir-X miRNA First-Strand Synthesis 
and SYBR Green Real time PCR Master Mix (TaKaRa, Otsu, Japan) 
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according to the manufacturer's instructions. The housekeeping gene 
U6 was used for standardization of the initial miRNA content of a 
sample. Relative changes of gene expression were calculated by the 
following formula, and the data were represented as fold upregula- 
tion/downregulation: fold change = 2 ~ AACt , where AAQ=(Q of 
gene of interest, treated— C t of HK gene, treated) — (Ct of gene 
of interest, control— C t of HK gene, control), C t is the threshold cycle 
number and HK is the housekeeping gene. 

Western blotting 

For western blot analysis, cells were harvested 24 or 48 h after 
transfection and lysed with lysis buffer consisting of 5niMl -1 
ethylenediamine tetraacetic acid, 300 mM l" 1 NaCl, 0.1% NP-40, 
0.5 mMl" 1 NaF, 0.5 mMl" 1 Na 3 V0 4 , 0.5 mMl phenylmethylsulfonyl 
fluoride, and 10 jig ml -1 each of aprotinin, pepstatin and leupeptin 
(Sigma-Aldrich, St Louis, MO, USA). Following centrifugation at 
15 000 g for 30min, the concentrations of supernatant proteins were 
analyzed using the Bradford reagent (Bio-Rad). For analysis of protein 
contents, 50 ug total protein was subjected to 10% SDS-PAGE and the 
resolved proteins were transferred to polyvinylidene difluoride 
membranes (Millipore, Bedford, MA, USA), which were incubated 
with the antibodies indicated above. Immunoblots were visualized 
using an enhanced chemiluminescence detection system (Amersham 
Pharmacia Biotech, Uppsala, Sweden). 

Cell proliferation assay 

Cell proliferation was measured using MTT (3-(4,5-dimethylthiazol- 
2-yl)-2,5-diphenyltetrazolium bromide) (Sigma-Aldrich). The reduc- 
tion of tetrazolium salts is now widely accepted as a reliable way to 
examine cell proliferation. The yellow tetrazolium MTT is reduced by 
metabolically active cells, in part by the action of dehydrogenase 
enzymes, to generate reducing equivalents such as nicotinamide 
adenine dinucleotide and nicotinamide adenine dinucleotide phos- 
phate. The resulting intracellular purple formazan can be solubilized 
and quantified spectrophotometrically. Results of cell proliferation 
assays are presented as the mean values of three replicate experiments 
performed in triplicate. 

Luciferase assay 

Hep3B cells were transfected with miR-636 or a negative control (miR 
control), each of concentration 100 nM, for 6h in reduced serum and 
antibiotics-free Opti-MEM with Lipofectamine 2000. After 24 h, cells 
were transfected with Ras 3' untranslated region (UTR) -luciferase 
expression vector. Firefly luciferase was measured in cell lysates using 
a Signosis Biosignal Capture Luc-Screen System on a Fusion plate 
reader (Perkin-Elmer, Waltham, MA, USA). Firefly luciferase activity 
was used for normalization and as an internal control for transfection 
efficiency. 

Soft agar colony formation assay 

Cells transfected with miR-636 or a negative control (miR control) 
were plated in triplicate in the appropriate medium containing 0.3% 
Bacto-agar on top of 0.6% bottom agar and cultured for 2 weeks. 
Colonies were visualized by staining with 0.1% p-iodonitro tetra- 
zolium violet (Sigma-Aldrich). Monolayer colonies were stained with 
crystal violet dye after methanol fixation. 

Tumorigenicity assays in nude mice 

For in vivo tumorigenicity assay, negative mimics (negative control) 
or miR-636 mimic-transfected Hep3B cells (2 x 10 5 ) were suspended 



in 100 ul phosphate-buffered saline and then injected subcutaneously 
into the right or left side of the posterior flank of six BALB/c nude 
mice, respectively. Tumor growth was examined daily and the tumor 
volumes were calculated every week using the formula for hemi- 
ellipsoids: V= length (cm) x width (cm) x height (cm) x 0.5236. 
After 5 weeks, the mice were killed and the tumors were dissected 
and photographed. 

Statistical analysis 

GraphPad Prism software (Brothersoft, Beijing, China) was used to 
conduct statistical analysis. Results are expressed as the mean ± s.e.m. 
For P- value calculation, unpaired Student's t- tests (two tailed) were 
utilized for all comparisons. P- values <0.05 were considered as 
significant. 

RESULTS 

ANT2 shRNA induces upregulation of miR-636 in Hep3B 
HCC cells 

miRNA microarray screenings were done to identify ANT2 
shRNA-regulated miRNAs in Hep3B HCC cells (Figure la). 
Among the 887 human miRNAs on the microarray, 8 miRNAs 
were upregulated, and 14 miRNAs were downregulated, with a 
greater than twofold difference between sc shRNA and ANT2 
shRNA transfection in Hep3B. As a result, we obtained 
significant candidate miRNAs and reaffirmed by selecting a 
specific miRNA, miR-636, among the miRNAs. As shown in 
Figure lb, miR-636 was upregulated by ANT2 shRNA. 
Furthermore, we confirmed this result in the other HCC cell 
lines, HepG2 and SNU449 (Supplementary Data 1). However, 
the functional attributes of miR-636 associated with liver 
tumor progression have not been experimentally established. 
Moreover, among candidate miRNAs, only miR-636 expres- 
sion in HCC tissues was significantly lower than that in non- 
neoplastic liver tissue. 

Downregulation of miR-636 in HCC compared with non- 
neoplastic liver tissue 

To see if miR-636 might have some biological relevance in 
HCC, RT-qPCR of 20 HCC tumor tissue pairs was conducted. 
Expression of miR-636 was markedly lower in HCC tissue 
compared with matched non- neoplastic liver tissue 
(Figure lc), which implied that the downregulation of miR- 
636 might be associated with tumorigenesis. We performed 
Mann-Whitney test and j 1 test for a two-sample test of 
miR-636 expression levels. For multiple-testing adjustment, 
there was a significant difference of mean miR expression level 
between the two groups only if the P- value was < 0.005. As 
ANT2 is highly expressed in proliferating cells, and ANT2 
induction in cancer cells is directly associated with carcinogen- 
esis, 25-27 ANT2 was enhanced in HCC tissue compared with 
non-neoplastic liver tissue (data not shown). 

Restoration of miR-636 by ANT2 shRNA downregulates Ras 
gene transcripts, in which Ras is a critical downstream 
target of miR-636 

K-Ras or H-Ras mRNAs were significantly decreased in cells 
with overexpression of miR-636 or cells in which ANT2 
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Figure 1 Knockdown of adenine nucleotide translocase 2 (ANT2) by short hairpin RNA (shRNA) induces specific restoration of miR-636 
in Hep3B and expression of miR-636 was remarkably lower in hepatocellular carcinoma (HCC) tissue, (a) RNA extraction was performed 
24 h after transfection of Hep3B cells with ANT2 shRNA for microRNA (miRNA) microarray analysis. The arrays were progressed using an 
Agilent scanner and microarray data extracted with Agilent Feature Extraction software, (b) Quantitative real-time RT-PCR (RT-qPCR) 
analysis of the effect of ANT2 shRNA-induced restoration on miR-636 expression. Cells were transfected with scramble or ANT2 shRNA. 
Total RNA was extracted 24 h after transfection and subjected to RT-qPCR using specific primers for human miR-636 or U6 (internal 
control), (c) RT-qPCR of 20 HCC tumor tissue pairs was conducted. RNAs extraction from the paraffin block was used by the Ambion 
m/Wana miRNA isolation kit and subjected to RT-qPCR using specific primers for human miR-636 or U6 (internal control). 



expression was knockdown (Figure 2a). Bioinformatic predic- 
tion recognized 1-7 miR-636 binding sites in the 3'UTRs of 
the Ras gene. To test whether the predicted binding sites in the 
target genes could mediate repression of translation by 
miR-636 (Figure 2b). Ras 3 / UTRs were subcloned downstream 
of the luciferase gene. The reporter with the 3 / UTR of Ras 
showed a significantly lower luciferase activity in overexpres- 
sion of miR-636 or knockdown of ANT2 cells (Figure 2b). 
The result was confirmed in the HepG2 and SNU449 HCC cell 
lines (Supplementary Data 2). Taken together, the evidence 
demonstrates that Ras is a critical downstream target of 
miR-636. 

Upregulation of miR-636 by ANT2 shRNA inactivates the 
Ras/phosphoinositide 3-kinase (PI3K)/Akt signaling 
pathway 

Restoration of miR-636 by ANT2 shRNA downregulates Ras 
transcripts and inactivates the Ras/PI3K/Akt signaling 
pathway. Ras protein is among the best-characterized proto- 
oncogenes and Ras signaling regulates diverse cellular func- 
tions, including cell growth, survival and migration. With 
regard to the regulation of Ras/Mek/Erk or Ras/PI3K/Akt 
activity, we found that phosphorylated Akt levels were 
decreased by miR-636 mimics but not phosphorylated Erk 



levels (Figure 2c). Furthermore, we confirmed this result in the 
other HCC cell lines, HepG2 and SNU449 (Supplementary 
Data 3). Moreover, we confirmed that phosphorylated Akt 
levels were decreased by knockdown of ANT2 by shRNA and 
slightly recovered by miR-636 inhibitor in Figure 2d. Taken 
together, these findings suggested that ANT2 shRNA treatment 
led to restoration of miR-636 expression in Hep3B cells, 
accompanied by suppression of Ras/PI3K/Akt signaling. It is 
well known that Akt plays important roles as a mediator of 
Ras-mediated cell survival and proliferation; as a result, 
inhibition of Akt by Akt-specific inhibitor also inhibits cell 
proliferation of Hep3B (Supplementary Data 4). 

Upregulation of miR-636 by ANT2 shRNA inhibits cell 
proliferation and suppresses colony formation 

With regard to the biological functions of miR-636, we 
observed that restoration of miR-636 expression suppresses 
HCC cell proliferation. The knockdown of ANT2 and inhibi- 
tion of miR-636 inhibited cell proliferation of Hep3B 
(Figure 3a). Overexpression of miR-636 by miR-636 mimics 
(Supplementary Data 5) or ANT2 knockdown by ANT2 
shRNA also inhibited cell proliferation of Hep3B. 30 
Overexpression of miR-636 also impaired anchorage- 
independent growth in soft agar, significantly reducing the 
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Figure 2 miR-636 regulates Ras expression at the post-transcriptional level and restoration of miR-636 by adenine nucleotide translocase 
2 (ANT2) short hairpin RNA (shRNA) suppresses Ras/phosphoinositide 3-kinase/Akt signaling, (a) After 24 h of transfection with negative/ 
miR-636 mimics or scramble/ANT2 shRNA, total RNA was extracted and subjected to RT-qPCR using specific primers for human K-Ras, 
H-Ras or glyceraldehyde 3-phosphate dehydrogenase as the internal control, (b) Human embryonic kidney 293 cells were transiently 
co-transfected with Ras-3' untranslated region-luciferase reporter gene vectors and then stimulated with negative/miR-636 mimics or 
scramble/ANT2 shRNA for 18 h. Luciferase activities in cell extracts were analyzed by dual-luciferase reporter assay system and 
normalized using pRL-TK-luciferase activity (Renilla luciferase activity) in each sample. Data present the mean (fold increase in luciferase 
activity compared with cells stimulated with negative mimics or scrambled shRNA) ±s.d. of triplicates, (c) After 24 h of transfection with 
negative or miR-636 mimics, cell extracts were prepared for western blotting with antiphospho-Akt/anti-Akt antibodies or antiphospho-Erk/ 
anti-Erk antibodies, (d) Hep3B cells were transfected with scrambled/ANT2 shRNA and/or negative/miR-636 inhibitor, and cell extracts 
were prepared for western blotting with antiphospho-Akt/anti-Akt antibody or antiphospho-Erk/anti-Erk antibody. 



number and size of the colonies. Overexpression of miR-636 
also reduced the proliferation of Hep3B cells (Figure 3b). 
Moreover, there was significant reduction in cell proliferation 
as well as lower anchorage-independent growth in soft agar 
(Figure 3c). 

Overexpression of miR-636 suppresses in situ tumor 
formation 

We determined whether miR-636 and its target gene are 
associated with tumorgenesis. miR-636 mimics transfected 
Hep3B cells implanted subcutaneously into the flanks of nude 
mice. Overexpression of miR-636 significantly suppressed 
overall tumor growth, as assessed by tumor volume 
(Figure 4). Thus, miR-636 would seem to regulate tumorigen- 
esis, at least in part through its target Ras. Ras expression was 
significantly decreased in miR-636-overexpressed tumor tissue 
(data not shown). Consistent with the in vitro results, over- 
expression of miR-636 Hep3B cells significantly suppressed 
overall tumor growth in vivo. These in vitro and in vivo results 
imply that the gradual loss of miR-636 over a long period of 
time is likely to commit hepatocytes to tumorigenesis. 



DISCUSSION 

Microarrays have been used in several studies of miRNA 
expression profiling in HCC. One of the earliest works to 
detect the relationship between miRNAs and HCC 31 reported 
that three miRNAs were expressed more exuberantly in HCC 
samples than in nontumorous tissues, while five miRNAs had 
lower expression in HCC tissue. The prediction accuracy of 
classifying HCC and nontumorous tissues with eight miRNAs 
was 97.8%. Another study reported that 18 miRNAs were 
overexpressed in HCC and 6 miRNAs were overexpressed in 
nontumorous samples. 32 Aberrant expression of miR-21 
contributes to progression and metastasis of HCC, and 
miR-21 can participate in the process of HCC development 
by targeting phosphatase and tensin homolog (PTEN 33 ). 
Another study used a supervised algorithm to predict 
metastasis characterization in the examination of miRNA 
expression profiles of 482 cancerous and noncancerous 
specimens from radical resection of 241 patients with 
HCC. 34 In comparative miRNA expression studies, several 
miRNAs that are important in HCC initiation, development 
and metastasis, such as miR-21, have been identified. Aberrant 
expression of miR-21 can contribute to HCC growth and 
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Figure 3 Restoration of miR-636 by adenine nucleotide translocase 2 (ANT2) short hairpin RNA (shRNA) inhibits cell proliferation and 
upregulation of miR-636 by ANT2 shRNA suppresses colony formation, (a) Hep3B cells were transfected with scramble, ANT2 shRNA, 
negative or miR-636 inhibitor. Cell viability (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)) assays were performed 
24 h after transfection. Three independent experiments were performed. Data were analyzed using the Student's f-test. (b) Hep3B cells 
were transfected with negative or miR-636 mimics. Cell viability (MTT) assays were performed 24, 48 and 72 h after transfection. Three 
independent experiments were performed. Data were analyzed using the Student's f-test. (c) Colony formation after transfection of Hep3B 
cells with negative or miR-636 mimics. 



spread by modulating PTEN expression and PTEN-dependent 
pathways involved in mediating the phenotypic characteristics 
of cancer cells, such as cell growth, migration and invasion. 33 
The function of miR-636 has yet not been studied in cancer 
cells. The only reports on miR-636 describe miR-636 as a 
potential candidate responsible for the post-transcriptional 
silencing of GR in GC-resistant cells. 35 For the first time, our 
study suggests that miR-636 is a tumor suppressor miRNA 
affecting HCC tumorigenesis via suppression of the Ras 
signaling pathway. Restoration of miR-636 efficiently 
suppressed Hep3B cell proliferation in vitro and 
tumorigenesis in vivo at a level comparable to ANT2 shRNA 
treatment. 

Physiological and oncogenic activation of Ras stimulates a 
wide range of downstream signaling pathways. The first Ras 
effector pathway to be identified was the Raf-Mek-Erk 
pathway. 36-39 This pathway is an essential shared element 
of mitogenic signaling involving tyrosine kinase receptors, 
leading to a wide range of cellular responses, including 
growth, differentiation, inflammation and apoptosis. 40 The 
second best- characterized Ras effector family is PI3Ks, which 
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Figure 4 Overexpression of miR-636 suppresses in situ tumor 
formation. Balb/c nude mice were challenged with negative or miR- 
636 mimic-transfected 2 x 10 5 Hep3B cells by subcutaneous 
injection into the left or right flanks. Tumor sizes were measured 
by a caliper every week and volumes calculated using the formula: 
mi 2 x A7?2 x 0.5236, where m\ represents the short tumor axis and 
m 2 the long axis, until day 73 following tumor challenge. 
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play important roles as mediators of Ras-mediated cell 
survival and proliferation. 41,42 PBKs are important regu- 
lators of cellular growth, transformation, adhesion, apoptosis, 
survival and motility 43-46 Ras-dependent PI3K activation is 
linked to prosurvival signaling due to the activation of Akt. 
Our findings that inactivated PI3K or Akt induces apoptosis 
and that dominant- negative Akt has the ability to enhance 
apoptosis highlight the importance of PI3K/Akt signaling in 
promoting survival. 41 ' 47-49 Moreover, our results demonstrate 
the importance of Ras-PI3K interaction in Ras-driven tumor- 
igenesis. Although multiple Ras effectors are essential to 
initiate tumor formation, only signaling through the PI3K/ 
Akt pathway seems to be necessary to maintain tumor growth. 
The reduction of Ras oncogene by miR-636 induces inactiva- 
tion of the PI3K/Akt pathway and inhibits tumor growth. 
Tumor maintenance in Ras-driven tumor growth is required 
for PI3K signaling. 

In summary, the deduced expression profiles in HCC cell 
lines show that miR-636 can act as a tumor suppressor 
through the direct control of Ras expression. The restoration 
of miR-636 by ANT2 shRNA contributes to suppression of 
tumor formation. ANT2 suppression by shRNA might be able 
to exert an anticancer effect in HCC by regulation of tumor 
suppressor miRNAs. 
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